force needed to unfold FN III10 relevant to that exerted by mammalian cells? Using a flexible silicon rubber substrate containing beads as markers, Dembo and Wang 2 have calculated the force exerted by motile mammalian fibroblasts on their ECM substrate. They find that, especially in hand-mirrorshaped cells (those with a large leading lamella and a small tail), there is a localized patch of strong force (about 6 nanoNewtons, acting over 1 square micrometre) at the tip of the cell's tail (the area of which is about 15 square micrometres). Oliver et al. 3 also used markers in flexible substrates to track the forces exerted by migrating cells on their substrate. In the tail of fish keratocytes that have adopted the hand-mirror shape of migrating fibroblasts, the traction stresses that oppose forward motion are reported to be 1.3 nanoNewtons per square micrometre 3 . Galbraith and Sheetz's results 14 also agree with these estimates of force exerted by the tail of migrating cells. These authors measured the traction stresses exerted by chick fibroblasts (roughly 3.25 nanoNewtons per square micrometre in the tail) as the cells migrated over microscopic cantilevers on a micromachined silicon substrate.
According to these three estimates of force exerted by migrating cells (1-6 nanoNewtons per square micrometre over an area of roughly 15 square micrometres, or about 60 nanoNewtons total force), and of the force required for unfolding FN III 10 , as measured by AFM 6, 7 (~150 picoNewtons), it is possible that cells could actively unfold FN III 10 modules. Labelling of migrating cells with a conformationspecific anti-fibronectin antibody, such as the one used in ref. 13 Yeast cells exclude the DNA-replication-initiation factor Mcm4 from the nucleus during the S and G2 phases of the cell cycle, when active replication 'origins' must not reassemble. This exclusion is dependent on cyclin-dependent kinases and provides a general mechanism for preventing re-replication of DNA in a single cell cycle.
ometimes when you say 'no', you have to mean it. This is certainly the case when it comes to the re-initiation of DNA duplication from replication 'origins' on chromosomal DNA: once replication from such an origin has been initiated, it must absolutely not happen again in the same cell cycle. If it did, the result would be the permanent amplification of DNA in that region, probably with disastrous consequences. On page 415 of this issue, Labib and colleagues 1 characterize one of the ways in which yeast cells may ensure that this 'no' is absolute, by physically separating one of the key initiation activities, Mcm4, from template DNA. Yeast do this by exporting free Mcm4 from the nucleus at stages of the cell cycle when S it is no longer needed. The export process is dependent on cyclin-dependent kinases (CDKs) which, as well as being required for the initiation of replication, may thereby also prevent re-replication.
The Mcm family (also known as the MCM/P1 family) consists of six closely related proteins. These six proteins are all assembled onto replication origins during late mitosis and the following stage of the cell cycle, G1, to form a 'prereplicative complex', or pre-RC 2 . This assembly reaction results in the origin becoming 'licensed' for DNA replication -which occurs during the following S phase -and depends on two other origin-binding proteins, the origin-recognition complex (ORC) and Cdc6. In the frog Xenopus laevis, a third activity, termed replication-licensing factor-B (RLF-B), is also required 3 . Another general requirement is the absence of CDKs, which inhibit licensing. The Mcm proteins are removed from the DNA as it is replicated and this is a primary reason why chromosomal DNA replicates only once in a single cell cycle. It is, therefore, crucial that Mcm proteins are never reassembled onto replicated DNA. This could be achieved by the inactivation of one or more components of the licensing reaction. Alternatively, as was originally proposed to define the idea of replication 'licensing', an essential component could be excluded from the nucleus 4 . In budding yeast, Saccharomyces cerevisiae, the Mcm proteins change their subcellular distribution during the cell cycle, being nuclear in late mitosis and G1 phase and cytoplasmic during S phase, the following (G2) phase and early mitosis 5 . This observation first indicated that Mcm proteins were involved in replication licensing, although the mechanism remained obscure.
Labib et al. 1 (Fig. 1a) . (Fig. 1b, left) . However, in the presence of Cdc6 only Clbs, not Clns, prevent the appearance of nuclear Mcm4 (Fig. 1b, right) .
Labib et al. suggest that Clns and Clbs affect the subcellular distribution of Mcm4 in different ways: Clbs block the import of Mcm4 into the nucleus (Fig. 1b, centre) whereas Clns may simply enhance the rate of export of Mcm4 out of the nucleus, while still allowing it to shuttle between nucleus and cytoplasm (Fig. 1b, top) . So, in the presence of Clns, Mcm4 shuttling into the nucleus could be recruited onto pre-RCs by Cdc6. An alternative interpretation is that both Clns and Clbs affect the subcellular distribution of Mcm4 in a similar way, by making the rate of export exceed that of import, but that Clbs (and not Clns) inhibit the assembly of Mcm4 onto DNA by a separate pathway (Fig. 1b, bottom) . Indeed, in the normal cell cycle Clns are present in late G1, when pre-RC assembly does not need to be inhibited, whereas Clbs are present in S and G2, when the reassembly of pre-RCs would be harmful. To find out which explanation is correct, we need to know more about how the localization of Mcm proteins is controlled. Do they shuttle between nucleus and cytoplasm during G2? Do CDKs affect the rate of import, the rate of export, or both? Is the effect mediated by direct phosphorylation of Mcm proteins by CDKs, perhaps on nuclear-localization sequences as occurs for other proteins? In favour of this idea, Mcm3 is phosphorylated during G2 phase 9 and has potential site for phosphorylation by CDKs close to its nuclear-localization sequence 7 . Although Labib et al. studied yeast 1 , their results have clear implications for the control of DNA replication in higher eukaryotes. Unlike yeast, metazoan Mcm proteins do not change their subcellular distribution during the cell cycle, being exclusively nuclear. Despite this difference, higher eukaryotes do seem to regulate replication licensing and the formation of pre-RCs by selectively partitioning proteins between nucleus and cytoplasm (Fig. 2) . The cell cycle of the early Xenopus embryo has no appreciable G1 period, and the relicensing of replicated DNA occurs only in late mitosis and is absolutely dependent on the breakdown of the nuclear envelope 4 . The exclusion of an essential licensing component by the nuclear envelope would provide a simple way of preventing re-replication of DNA in a single cell cycle. It isn't known which factor is excluded, as Mcms and Cdc6 appear to remain nuclear throughout interphase, though RLF-B remains a good candidate 3 . Yet another variation is seen in mammalian cells, where Cdc6, rather than Mcms, appears to be regulated by subcellular localization 10 . In G1 phase, mammalian Cdc6 is nuclear, but it becomes cytoplasmic in S phase and remains in the cytoplasm until the following G1. Although the mechanism causing this relocalization is unknown, a role for CDKs is plausible.
Although yeast, Xenopus and mammals have apparently chosen different protein targets, all three seem to use exclusion of essential initiation factors from the nucleus to prevent re-replication of DNA in a single cell cycle. This physical separation of a protein from its substrate may provide a robust way to make sure that when the cell says 'no', it means it. ᮀ iologists marvel, and we are all thankful, that cells maintain generally stable genomes. Genome stability, a fight against entropy, is due in large part to a host of homeostatic mechanisms, including the repair of damaged DNA. A key aspect of DNA repair involves delays in the cell cycle called checkpoints, which provide normal cells with the critical time needed for efficient repair. If cells with damaged genomes continue to replicate and divide, they invite still greater damage; for example, an innocuous gap can be converted to a threatening double-stranded break in the DNA if it is replicated before it is repaired. So checkpoints block DNA replication after damage. At the heart of checkpoints are the proteins required for cell-cycle arrest. These highly conserved proteins, found in fission and budding yeasts, flies and humans, are gradually revealing the secrets of how they function at the molecular level. Why do checkpoints fascinate us just now? One possible reason is that we are learning that checkpoint proteins have even more widespread roles in regulating chromosomal events than previously thought, with some functions even being independent of cell cycling per se. Checkpoint proteins are also needed, it seems, to re-sort repair proteins from telomeres (the DNA capping the ends of chromosomes) to sites of damage 2, 3 , to regulate telomere length 4, 5 , to direct pairs of sister-chromatid homologues during meiotic recombination 6 , and to regulate the synthesis of dNTPs 7 . Checkpoint mechanisms are also interesting because of their link with cancer, first shown by the relationship between mutations in the human p53 and ATM genes to cancer of the organism and to checkpoint 
